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DIFFERENTIAL MECHANISM 

3. Detailed Description of the Invention 

The present invention relates to an improvement in lubrication of a differential 
mechanism used in a power transmission system for a vehicle. 

The differential mechanism is structured to include a differential case 
(hereinafter referred to as a case) that forms the lowest part of a transmission case, and a 
differential gear set that includes: an input large gear that is housed in the case and 
meshes with an output gear of the transmission; a differential gear box fastened to one 
side surface of the input large gear; and differential gears provided in the differential 
gear box. An output shaft connected to a differential large gear of the differential gears 
protrudes from both sides of the case. With this structure, the differential gear set and 
the output shaft are rotatably supported by the case via side bearings held by the case. 
Lubricating oil is provided in the case for the lubrication of the side bearings and the 
differential gear set, and the oil level of the lubricating oil is set to be somewhat higher 
than the centerline of the output shaft in a stopped state. The lubricating oil is supplied 
to sliding portions by agitation operation of the differential gears during rotation. The 
lubricating oil is scattered in the case during operation, and mainly supplied to an inner 
wall of the case by centrifugal force applied by the differential gears, whereby the 
lubricating oil is unevenly supplied. In order to surely supply the lubricating oil to 
lubrication-required portions at the center of rotation, such as the side bearings arranged 
at the center of rotation, the amount of the lubricating oil needs to be increased. In a 
conventional differential mechanism, power loss becomes large during operation due to 
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agitation resistance of lubricating oil, which is a problem. Further, in a case of a 
three-axis automatic transmission for a vehicle in which three shafts, i.e., a first shaft 
that is conventionally connected to an output shaft of an engine via a clutch, a second 
axis that is a countershaft, and an output shaft of a differential mechanism that is a 
wheel axle, are arranged in parallel with each other, distances among the three shafts are 
set short when the three-axis automatic transmission is installed in a compact car. In 
such a case, if a large amount of lubricating oil is supplied to a differential case, the 
lubricating oil is scattered and the quantity of the lubricating oil that enters a portion on 
the first shaft side or the second shaft side increases. Thus, the lubricating oil comes in 
contact with a high-speed rotation portion, resulting in an increase in power loss. 
Further, if the amount of the lubricating oil in the differential case is reduced, 
differential gears and side bearings are not supplied with sufficient oil. 

It is an object of the invention to provide a differential mechanism in which 
lubricating oil can be sufficiently supplied to a lubrication-required portion in the 
vicinity of the rotation center, such as a side bearing, with a small amount of lubricating 
oil in a differential case, so as to prevent lubrication shortage as well as to reduce power 
loss. 

According to the present invention, a differential mechanism is provided in 
which a differential gear is housed in a differential case, the differential gear and an 
output shaft of the differential gear are rotatably supported by the differential case via a 
side bearing, and lubricating oil that is agitated by the differential gear is stored in a 
lower portion of the differential case. The differential mechanism comprises a 
lubrication mechanism including an oil scraper plate that scrapes oil that adheres to an 
inner wall of the case and is attached to a side surface of an input large gear of the 
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differential gear, and guides the scraped oil to the side bearing. Further, a lubricating 
oil hole is formed below the oil scraper plate at a portion where the output shaft is 
supported by the case via the bearing, so as to communicate the inner wall surface of the 
case and the bearing. 

A differential case (case) 1, which forms a part of a transmission case in which 
a transmission of a vehicle is housed, includes a left-side wall 12 having an inwardly 
protruding tubular portion 11 for disassembling an output shaft (shown in the left side in 
the drawing), and a right-side wall 14 having an output shaft hole 13 (shown in the right 
side in the drawing) that has the same axial center as the tubular portion 11. 

Differential gears 2 are provided in the case 1. The differential gears 2 
include an input large gear 21, a differential gear box 22, a differential small gear shaft 
23, a pair of small gears 24, 25, and a pair of differential large gears 26, 27. The input 
large gear 21 is provided in the vicinity of the left-side wall 12 of the case such that it 
has the same axial center as the tubular portion 11 on the left-side wall. On the 
left-side outer periphery of the differential gear box 22 is provided with a flange 22A 
fastened to the right side surface of the input large gear. A sleeve-shaped left support 
shaft 22B and a sleeve-shaped right support shaft 22C protrude from the differential 
gear box 22, respectively on the left side and the right side of the differential gear box 
22. The sleeve-shaped left support shaft 22B has the same axial center as the input 
large gear 21 and an end thereof protrudes into the tubular portion 11, while the 
sleeve-shaped right support shaft 22C has the same axial center as the left support shaft 
22B and protrudes into the output shaft hole 13 on the right side. The differential 
small gear shaft 23 is provided in the gear box 22 in a skewered manner such that it is 
orthogonal to the axis of the left support shaft 22B and the right support shaft 22C. 
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The pair of differential small gears 24, 25 provided in the gear box 22 are rotatably 
supported by the differential small gear shaft 23 and opposing to each other. The pair 
of differential large gears 26, 27 provided in the gearbox 22 mesh with the pair of 
differential small gears 24, 25, and have the same axial center as the sleeve-shaped left 
and right support shafts 22B, 22C. 

A left-side output shaft 3 and a right-side output shaft 4 of the differential gears 
are, at their inward ends, in splined engagement with shaft holes of the differential large 
gears 26, 27. The left-side output shaft 3 and the right-side output shaft 4 are slidably 
pass through the support shafts 22B, 22C of the gear box, and protrude respectively 
from the tubular portion 11 formed in the left-side wall of the case and the output shaft 
hole 13 formed in the right-side wall of the case, to the left and right sides. The 
outward ends of the output shafts 3, 4 are connected to wheels via joints (not shown). 

A side bearing 5 is interposed between an inner peripheral wall 15 of the 
tubular portion 11 in the left-side wall of the case and the left support shaft 22B of the 
gear box, while a side bearing 6 is interposed between an inner peripheral wall 16 of the 
output shaft hole 13 in the right-side wall of the case and the right support shaft 22C of 
the gear box. An oil seal 51 is fitted between the inner peripheral wall 15 and the 
output shaft 3, on the outside of the side bearing 5, while an oil seal 61 is fitted between 
the inner peripheral wall 16 and the output shaft 4, on the outside of the side bearing 6. 

A lubricating oil hole 7 is formed in a tubular portion 11 in the left-side wall of 
the case. In the embodiment, the lubricating oil hole 7 is formed at a position 45 
degrees above the horizontal surface with respect to the rotational direction of the input 
large gear during forward movement of the vehicle, as shown by the arrow A in FIG 3, 
so as to connect a portion between the side bearing 5 and the oil seal 51 in the inner 
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peripheral wall 15 of the tubular portion, and an outer peripheral wall 17 of the tubular 
portion 11, which is an inner wall of the left-side wall 11 of the case. 

An oil scraper plate 8 includes an oil scraper 81, an oil stopper plate 82, an oil 
receiving plate 83, a flange 84, and a flange 85, and is fixed to the inner surface of the 
left-side~wall of the case with bolts 86, 87. The oil scraper 81 is provided close to, 
and in parallel with, the left side surface of the input large gear. The oil stopper plate 
82 is substantially trapezoid in shape, and abuts against the inner surface of the left-side 
wall 11 of the case, by being bent from one end of the oil scraper 81 by 90 degrees. 
The oil receiving plate 83 has a substantially right-angled triangle shape, and is bent 
from the other end of the oil scraper 81 by 90 degrees, in the same direction as the oil 
stopper plate 82. The flange 84 is bent from the oil stopper plate by 90 degrees so as 
to abut against the inner surface of the left-side wall 11, and is provided with a bolt hole. 
The other flange 85 is bent from the oil scraper 81 corresponding to the concave and 
convex of the inner wall of the left-side wall of the case, and is provided with a bolt 
hole. An oil gutter 9 is formed of steps arranged in the inner surface of the left-side 
wall of the case, and serves to guide the scraped oil to an inlet opening 71 of the 
lubricating oil hole 7, together with the oil receiving plate 83 of the oil scraper plate 8. 

Next, operation of the lubricating mechanism of the differential mechanism 
will be described. 

When the differential gears rotate in the arrow A direction, lubricating oil 
supplied to the case in two oil levels O, S adheres to the input large gear as shown in 
FIG 2. Then, the oil is scraped by the oil scraper 81 of the oil scraper plate 8, and as 
shown in the arrow a, the scraped oil falls down a space surrounded by the oil stopper 
plate 82, the oil scraper 81, the oil receiving plate 83, and the inner surface of the 
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left-side wall of the case, and is guided from the inlet opening 71 of the lubricating oil 
hole 7 to the inside of the tubular portion 11 in the left-side wall of the case, thereby 
lubricating the side bearing 5, and between the output shaft 3 and the support shaft 22B 
of the gear box. 

On the other hand, when the differential gears are rotate in the reverse direction, 
as shown in FIG 3, oil adhering to the input large gear 21 is scraped off on the outer 
surface of the oil stopper plate 82, or falls down due to centrifugal force and 
gravitational power, and enters a space surrounded by the oil scraper 81, the oil 
receiving plate 83, and the inner surface of the left-side wall of the case, from below a 
lower end 82A of the oil stopper plate. Thus, the oil is guided to an inlet opening 71 of 
the lubricating oil hole 7, as shown by the arrow b. 

In the embodiment, the lubrication mechanism employs a combination of the 
oil scraper plate 8, the lubricating oil hole 7, and the gutter 9. However, the lubrication 
of the side bearing 5 can be performed only with the oil scraper plate, by changing the 
shape of the oil scraper plate. 

As described above, in the differential mechanism according to the present 
invention, the differential gears are housed in the differential case, the differential gears 
and the output shaft of the differential gears are rotatably supported by the differential 
case via the side bearings, and lubricating oil that is agitated by the differential gears is 
stored in the lower portion of the differential case. The differential mechanism is 
provided with the lubrication mechanism including the oil scraper plate that scrapes oil 
adhering to the inner wall of the case and attached to the side surface of the input large 
gear of the differential gear, and guides the scraped oil to the side bearings. 
Accordingly, an adequate amount of the lubricating oil can be supplied to 
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lubrication-required portions in the proximity of the center of rotation, such as the side 
bearings, only by filling the differential case with a small amount of the lubricating oil. 
Thus, the power loss can be reduced. Further, in a three-axis automatic transmission, 
downsizing can be achieved without power loss. 
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(57) Abstract 

PURPOSE: To reduce the power loss by attaching an oil 
scraper plate to the case inner wall that scrapes the 
oil adhering to the sides of an input large gear of 
differential gears and guides the scraped ofl to side 
bearings. 

CONSTITUTION: An ofl scraper plate 8 that comprises an 
oil scraper 61, an oil stopper plate 82, an oil 
receiving plate 83 and a flange 84 is attached to the 
inner wall of a differential case 1 with a bolt 66. It 
scrapes the oil adhering to the sides of an input large 
gear 21 of differential gears 2 and guides the scraped 
oil to side bearings 5, 6. As an adequate amount of the 
lubrication oil can be supplied in this manner to 
lubricated parte in the proximity of the center of 
rotation such as the side bearings 5, 6 only by fifling 
the differential case 1 with a small amount of the 
lubrication ofl, the power toss can be reduced. 
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